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Abstract— The analysis of electrocardiograph (ECG) signal 
provides  important  clinical  information  for  heart  disease 
diagnosis. The ECG signal consists of the P, QRS complex, and 
T-wave. These waves correspond to the fields induced by specific 
electric phenomenon on the  cardiac surface. Among them, the 
detection of ischemia can be achieved by analysis the ST segment. 
Ischemia is one of the most serious and prevalent heart diseases. 
In this paper, the European database was used for evaluation of 
automatic detection of the ST segment. The method  comprises 
several  steps;  ECG  signal  loading  from  database,  signal 
preprocessing,  detection  of  QRS  complex  and  R-peak,  ST 
segment,  and  other  relation  parameter  measurement.  The 
developed application displays the results of the analysis.  
Keywords-Electrocardiogram (ECG); Ischemia; European ST-
T database; QRS complex ; ST segment. 
I.   INTRODUCTION  
Electrocardiographic (ECG) signals information is derived 
from  analysis  of  the  information  indirectly  reflected  on  the 
surface  ECG.  The  ECG  signal  is  able  to  make  of  basic 
information  for  heart  disease,  indisposed  of  the  autonomic 
nervous  system  and  stress.  The  world  Health  Organization 
estimates  that  17.5  million  people  died  of  cardiovascular 
disease.  It  is  representing  30%  of  all  global  deaths.  Out  of 
these,  7.6  million  were  due  to  coronary  artery  disease 
(CAD)[1].  During  the  last  few  years,  a  lot  of  research  has 
provided  the  solution  of  analysis  and  diagnosis  in  ECG  by 
adopting  new  technologies  and  algorithms.  Among  them, 
ischemic  heart  disease  constitutes  one  of  the  most  common 
fatal diseases in the world. Myocardial ischemia is caused by a 
lack of sufficient blood flow to the contractile cells and many 
lead to myocardial information with its severe sequel of heart 
failure,  arrhythmias  and  death  [2].  The  ischemic  disease  is 
usually identified in the standard ECG by changes in values of 
measured  amplitudes,  times  and  durations  on  the  ST-T 
complex.  The  ST-T  complex  of  the  ECG  reflects  the  time 
period from the end of active ventricular depolarization to the 
end of depolarization in the heart cycle [3-4]. Therefore, ST-
segment  changes  are  common  ECG  signal  markers  of 
important  Myocardial ischemia  [5].  The  several methods  for 
ischemia parameter detection (T wave and ST complex) have 
been  proposed.  In  generally,  all  of  them  are  based  on  the 
spectral estimation [6] and signal point from the ST segment 
better  characterizes  ischemic  patterns  [3,  7].  The  various 
methods have been applied to the ECG for ischemia analysis 
and  detection:  used  the  First  Fourier  Transform  (FFT)  to 
analyze  the  frequency  component  [8],  fuzzy-logic,  neural 
network, genetic algorithm, support vector machines (SVM), 
wavelet transform and many more [9]. However, most of the 
algorithms have  sensitivity above  the 80%.  In this  study we 
consider  two  applications  of  the  ST  segment  detection  and 
display  program:  Detection  of  ischemia  episodes  and 
monitoring PC programming. The modifications in the shape 
parameters have been used for ST segment measurement.  
II.  METHOD AND MATERIAL 
A.  European ST-T Database 
The European ST-T database [10-11] is intended to be used 
for  evaluation  of  algorithm  for  analysis  of  ST  and  T  wave 
changes. It consists of three following files: 1) Header file has 
the  patient’s  information,  lead,  medication,  clinical  findings 
and recording equipment information. 2) Data file has an ECG 
data recording format that is of double-channel 2-hour length, 
resolution of 12bits and 250Hz sampling frequency, and data 
format of MIT-212 format. 3) Finally, annotation file contains 
data information (data beat, ST and T change start-peak-end, 
noise, rhythm). It includes numerous ischemic episodes of all 
types and thus it is very useful in evaluating ischemic detection 
algorithms. 
B.  Description of the detection system 
This  system  is  intelligent  computer  applications  that 
provide decision support through acquisition and processing of 
human  experts  knowledge.  In  order  to  operate  the  plotting 
signal  and  detection  algorithms  through  European  ST-T 
database signal, we used a 2.5GHz Pentium processor, 2Gbyte 
of  RAM  and  the  Microsoft
TM  Visual  C++6.0  programming 
tools.  Figure  1  show  the  block  diagram  of  the  automatic 
detection  of  ST  change  and  segment  system.  This  system 
comprises three separate parts: an ECG data loading and open 
from the database, signal parameter detection of ECG signal, 
and ST measurement of the ischemia disease. 
C.  Signal Preprocessing 
The  infinitesimal  ECG  signal  have  included  for  various 
noise. Accordingly, noise has to be reduced before the signal 
processing. The source of noise is encountered at every stage 
of  data  acquisition  until  the  data  is  digitized.  Power  noise, 
muscular  contract  noise,  electrode  movement  with  signal 
wandering, and analog-to-digital converter noise all perturb the 
ECG signals [12]. (IJACSA) International Journal of Advanced Computer Science and Applications,  
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Fig. 1.  Automation Detection Of ST-Segment Block Diagram 
Therefore, the signal future of detection and analysis need 
for noise removal method. Such as, signal filtering, rhythm and 
beat wandering canceling. In this paper, we used FIR (Finite 
Impulse  Response)  filter  method  in  order  to  remove  noise, 
which is cancelled for low and high frequency in signal. This 
filtering frequency default range was set at 5 to 15Hz. We also 
used  dialog  option  for  perform  to  control  for  user’s 
convenience and noise characteristic that it is able to filtering 
for variety noise band. The reduced noise signal for filter is as 
follows. 

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D. QRS complex and R-peak detection 
Many algorithms and method have been applied in QRS-
wave detection research.  In fact, many systems have already 
been  designed  and  implement  to  perform  signal-processing 
tasks  such  as  12-lead  off-line  ECG  analysis,  Holter  system 
analysis,  and  real-time  patient  monitoring.  All  these 
applications require an accurate detection of the QRS complex 
of  the ECG [13]. Therefore,  the precision detection  of  QRS 
complex  and  R-peak  in  the  analysis  of  the  ECG  are  very 
important and first step of signal analyze. The RR-Interval is 
the  distance  between  two  subsequent  QRS  complex  and 
represent the Heart Rate (HR) variability. In our system, we 
used  a  robust  real-time  QRS  detection  algorithm  popularly 
known as Pan-Tompkins algorithm [14] and added searchback 
compare method [7].  
Pan-Tompkins  algorithm  has  detection  sensitivity  for 
99.3%  that  it  has  competence  for  real-time  ECG  signal 
parameter  detection.  The  algorithm  includes  a  series  of  six 
steps:  ECG  signal  preprocessing,  derivative,  squaring, 
integration, adaptive threshold and searchback. Figure 2 shows 
the block diagram for the QRS and R peak detection method. 
 
Fig. 2.  QRS complex and R peak detection of block diagram 
After  filtering,  the  derivative  stage  provides  the  slop 
information of the QRS complex and transfer function flows: 
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The  integration  operation  intensifies  the  slope  of  the 
frequency  response  curve.  The  output  of  a  derivative-based 
operation will exhibit multiple peaks within the duration of a 
single QRS complex. The equation 3 is this operation. 
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QRS  complex  can  be  identified  using  general  ECG 
parameter  detection  method.  R-peak  is  easier  to  distinguish 
from noisy component since it has large amplitude [12]. So, 
already detected R-peak should pass verification. For deciding 
ultimate R-peak position by comparing to the maximum data 
value of a datum line in the front and rear each 10 msec range 
we have verified this.  
The equation 4 shows this operation and  figure 3 shows 
the detection of the R-peaks. (IJACSA) International Journal of Advanced Computer Science and Applications,  
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Fig. 3.  Decide of the R peak detection 
E.  Automatic detection of ST segment and measurement 
In ECG, the ST segment connects the QRS complex and 
the T wave and has duration of 0.08 to 0.12 sec (80 to 120 
msec).  Abnormal  ST  segments  are  occurring  by  exceptional 
ventricular  depolarization  of  myocardial  ischemia  and  acute 
myocardial  infarction.  Consequently,  a  rising  of  ST’s  is 
appeared myocardial ischemia, acute endocarditis and such like 
things.  The  descent  of  ST's  are  appeared  subendocardial 
ischemia, subendocardial infarction and such like things. That 
is a rising or descent of ST segment can be identified clinically 
that coronary artery disease.  In this study, the main focus was 
extracting ST-segment information. Also, the preservation of 
the J-point was ensured. The ST-segment position is between 
the end of the S-wave and beginning of the T-wave [15], also 
the J-point where the QRS ends and the ST segment begins 
[16]. The calculation of the ST-segment is follows: 
sec int int 140 ) ( m po po segment R S ST                    
The three parts of ST measurement were taken from each 
average beats are 60 msec, 80 msec and ST-integral after the J-
point. They are named ST60 and ST80. Figure 4 is explanation 
for ST measurement. A normal ECG does not showing the any 
ST 60 and 80 changes. Also, the calculation of the ST- integral 
is follows: 
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where ) (n Si , is the measured ST-integral from the ECG 
signals;  ) (n r ,  the  R-peak position  value;  ) (n j ,  the  J-point 
position  value;  ) (n s ,  the  ST-integral  start  position  value; 
) (n a , the subtraction of from R-peak position to ST segment 
baseline end (between T-wave and P-wave) position value. 
 
Fig. 4.  ST segment and measurement 
III.  EXPERIMENTS AND RESULTS 
The ECG is a  cornerstone  in the diagnosis  of  acute and 
chronic ischemic heart disease. The findings depend on several 
ischemia  disease  detection  factors:  the nature  of  the  process 
versus irreversible, the duration (acute versus chronic), extent, 
and localization of other underlying abnormalities [17]. Hence, 
amplitude  of  ECG  signal  is  a  few  mV/V  and  Table  1  is 
explanation  for  waveform  and  characteristic  normal  ECG 
signal. 
TABLE I.   CHARACTERISTICS OF NORMAL ECG WAVEFORM 
  Amplitude (mV)    Parameter Duration 
(Sec) 
P Wave  0.25  RR Interval  0.12 – 0.20 
R Wave  1.60  QRS Interval  0.09 
Q Wave  25% R wave  QT Interval  0.31 – 0.44 
T Wave  0.1 – 0.5  ST Interval  0.05 – 0.15 
 
We tested the performance of the detection algorithm and 
application program used  e0103  data  on the European ST-T 
segment  database.  This  application  program  has  been 
implemented using visual C++6.0 tools. This data was obtained 
from the 62 years old patient with angina and one blood vessel 
disease.  The  analysis  of  the  application  program  consists  of 
two  activities.  The  activities  are  main  view  part  and  ST 
measurement  analysis  part.  Figure  5  shows  the  application 
program. The main view is the original ECG signal read and 
operation  seven-function  user interface  icon in  Figure  5  (a); 
each  interface  icon  is  filter,  differential,  a  square,  windows, 
baseline, signal parameters position and ST measurement. The 
signal analysis shows (Figure 5 (b)). The set for the baseline 
decision  of  each  beat  which  is  apply  to  the  P  and  T-wave 
(Figure 5 (b) in ①); the ST parameter measurement, It is each 
ST-integral and ST 60/80 change (Figure 5 (b) in ②); the ST 
60/80 change graph (Figure 5 (b) in ③); the ST-integral graph 
(Figure  5  (b)  in  ④);  the  ST  60/HR  and  ST  80/HR  graph 
(Figure 5 (b) in ⑤). (IJACSA) International Journal of Advanced Computer Science and Applications,  
Vol. 4, No. 2, 2013 
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Fig. 5.  Results of the ST measurement and analysis: (a) application main view; (b) signal analysis and measurement view 
IV.  CONCLUSIONS 
This paper presents a completely automatic algorithm and 
application program for component detection in ECG signal. 
The  performance  and  the  limitations  of  this  method  are 
discussed. The method and the various limits and the detection 
parameters  used  were  test  on  just  one  patient’s  data.  The 
performance of the method must also be assessed for the value 
and  position  of  all  marker  positions  in  ECG  signal.  In  this 
work, this assessment is limited to the J-point, ST60/80 and 
ST-segment. This signal application program experimentation 
is an enough successful but we have a few improvement parts 
and not real-time  signal analysis,  such as  considering  of the 
noise reduction, apply to the strong diagnostic algorithm, and 
totally  measurement  of  the  other  physiological  signals  (e,g., 
Electromyography  (EMG), Magnetoencephalography  (MEG), 
Electroencephalography (EEG)).  
Also, we would study real-time ECG signal analysis, using 
the algorithm  for  comparing the normal  and  abnormal ECG 
signals, elevation of environment design of the use interface 
system, testing on a long term data set, and system safety for 
clinical trials in a variety of conditions. Finally, the developed 
PC application can be useful for  optimization of the already (IJACSA) International Journal of Advanced Computer Science and Applications,  
Vol. 4, No. 2, 2013 
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available  diagnosis  algorithms  and  would  assist  of  the  early 
heart disease detection for medical doctors. 
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